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XL Expenments on the PhlogiJIkation of Spirit of Niire^ 
By the Rev. Jofeph PrieftJej, LL.D. F^. R. S^ 




Read March a6, 1789. 

S the colouring of fpirit of nitre has fome connec^ioE 
with the doftrine of phlogiftoE, to which I propofe to 
give my beft attention, I have lately refumed my experiments 
on that fubjed, and beg leave to lay the refult of them before 
the Society. 

In my former experiments, ¥oL IV. p. 2. I found that the 
calourlefs acid became fmoking, or orange-coloured, and emit« 
ted orange-coloured vapours, on being expofed to heat in long 
gkfs tubes, hermetically fealed ; and I then concluded, that 
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this efFe8: was produced by the aftion of hai, evolving^ as it 
were, the phlogifton previoiifly contained in the acid» Afters- 
wards, having found that it was pot ^^^f, but %i># only, that 
was capable of giving colour to fpirit of nitre, contained m 
phijils with ground ftoppers^ in the courfe of feveral days; 
and that in this cafe the effed was produced by the adion of 
iight upon the vapour^ which gradually imparted its colour to 
the liquor on which it was incumbent (fee Vol. V. p. 342.), I 
was led to fufpeCt, that as the glafs tubes, in which I had for- 
merly expofed this acid to the a£lion of heat, were only held 
near to a fire, in the day-light, or candle-light, it might have 
been this ligbt^ which, in thefe clrcumftances, had, at leaft in 
part, contributed to produce the effe£i:. 

In order to afcertain whether the light had had any influ- 
ence in this cafe, I now put the colourlefs fpirit of nitre into 
long glafs tubes, like thofe which I had ufed before, and alfo 
fealed them hermetically, as I had done the others ; but, in- 
Head of ^xpofing them to heat in the open air, from which 
light could not be excluded, I now fhut them up in gun bar- 
fels, clofed with metal fcrews, fo that it was impoffible for 
any particle of light to have accefs to them ; and 1 then placed 
one end of the barrels fo near to a fire as was fufficient to make 
the liqBor contained in the tube to boil, which I could eafilir 
diilihguifli by the found which it yielded. The confequence 
was, that in t lli;)rt time the acid became as highly coloured 
as ever it had been when expofed to heat without the gum 
barreL It was evident, therefore, that it had been mere haf^ 
and not iighi^ which had been the means of giving this colour 
to the acid| and which hm been ufually termed pkkgi/ikaimg 

m 
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When I made the former experiments, I had no fufplciori 
ihat the air contained in the tube had any concern in the refult 
of them ; and, in thofe which I made in the phials in a mode- 
rate heat, 1' found that the acid- received Its- colonr when-th€' 
beft vacuum that t could make with an, air pnmp was over it. 

My friend Mr. Kiewan, however, having always fuf* 
pefted^ that the air was aprincipal agent in the bnfinefs, I at 
. this time gave particnlar attention to this circnmftance ; . fuppo* 
£ng that, if any part of the commdn air. had been imbibed. It 
muit have been the J/hkgi/iicafed^ and that it was the^phlo* 
gifton from this kind of air which had' phloglftieated the acid* 
The real refult, however^ was not fo much In favour of this 
fuppofition as I had expe8:ed ; for the principal effe^l of the 
procefs Was the emlffion of dephloglfticated air, fo that the 
acid feems to become what we call phloglftieated, by parting 
with this Ingredient in its compofition. 

I put a fmall quantity of the colourlefs acid into a long glafa 
tube, which befides the acid would have contained 1.23 ounce 
meafures of common air, but that the vapour of the acid ex* 
eluded about one-twentieth of the quantity* Having fealed 
the tube hermetically, I fhut it up in a gun barrel, in the mm^ 
tier mentioned above, and expofed it to a boiling heat for feve-* 
ral hours, and then opening it under water there came out 
of it 2,03 ounce meafures of air. Very turbid and white; and 
when it was examined, it appeared to be of theilandard of 
1.02, with two equal meafures of nitrous air ; when with one 
meafure of the fame nitrous air the ftandard of the common 
air was 1.0 f. The quantity of phloglftieated air abforbed in 
this experiment I afcertained by the following computation* 

As one meafure of common air, and an equal quantity of 
aitrous air were reduced to 1,07 m. it is evident^ that 0.93 m. 
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had dlfappeared ; but as this was efFefted by the nitrous air uniting 
with all the dephlogifticated air contained in the Gommon mafs^ 
and as they unite in the proportion of one nrieafure of dephlo- 
gifticated air to two nieafures of nitrous air, one-third of the 
0.93 m. vj%. 0.31 m. will be the quantity of dephlogifticated 
air that was contained in the one meafure of common air on 
which the experiment was made, the remainder, viz. 0.69^ 
havhig been phlogifticated air. The common air contained hi 
the tube would have been 1.23 oz. m»,; but dedu£ling from it 
one-twentieth in the whole, it will only be i.17 oz» m. I 
then fay, if one meafure of this air contains 0.69 m. of phlo- 
gifticated air^ 1.17 oz. m. will contain 0.8073 oz. m, of phlo- 
gifticated air. This, therefore, was the quantity of phlogifti- 
cated air which had been expofed to the action of the acid of 
nitre in the tube.. 

In order to find how much of the fame kind of air was con« 
tained in the txkh^ after the procefs, I examined the refult above 
mentioned in the following manner. Since two meafures of 
nitrous air, and one of this refiduum, were reduced to 1.02 m«. 
it is evident, that 1.98. m. had difappeared, and confequently 
one- third of this quantity, viz. 0.66 m. had been dephlogifti- 
cated air,, and that the remainder of the meafure, viz. 0.34, 
had been the proportion of phlogifticated air in one meafure. 
of this refiduum. If then one meafure of this refiduum con- 
tains 0*34 m. of phlogifticated air, 2,03 oz. m. will contaia 
0.6902 oz» ra.. which is lefs than 0.8073 oz. m- the q.uantity 
contained in it before the procefs ; fo that a part of the phlo- 
gifticated air had been either abforbed or decompofed, its phlo- 
gifton having been imbibed by the acid at the fame time that 
it had emitted the dephlogifticated air» 
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In another procefs, of the fame kind, the glafs tube coo- 
tallied 0.92 oz, m. of commoo alr^ and the air that earoe ouS 
of it after the procefs was one ounce meafure, of the fkadard 
of 1.6 with two meafures of nitrous air, and con^puting as I 
did before, the phlogifticated air in the tube before the procefs 
was 0*6072 oz. m,, and after the procefs 0.54 oz, m. 

In theie computations it is fuppofed, that the air emitted hj 
the acid was perfeQ:lj pure, fo that all the phlogifticaled air 
that is found after the procefs is fuppofed to have been con« 
taincd in the common air confined in the tube before it was 
commenced* But I found, that the air emitted by the acid is 
by no means perfectly pure, fo that much of the impurity 
mull be afcribed to this eircumfl:ancc« 

In order to exclude all air from the contad of the acid, I 
made a quantity of it to boil in the tube, and when the vapour 
had expelled all the air, I fe^ed it hermetically, in the manner 
in which water hammers are made ; and then ejcpoling it t0 
heat, found that it acquired as high a colour as when air had 
been confined along with it ; fo that it is evident, that air is not 
neceffary to this effe£t« When the tube was opened under wa- 
ter, a quantity of dephlogifticated air ruflled out, exceedingly 
white as before; but when I examined it, I found it to be of 
the jffiandard of only a.66. When this impurity is confidered,, 
it will appear, that when much air is yielded in this procefs, 
fome phlogifticated air may have been imbibed, though, com^ 
puting in the manner above mentioned, the phlogifticated air 
after the procefs fhouid be in greater quantity than was con- 
tained in the tube before it, as was the cafe in the following 
experiments 

In a glafs tube which, befides the acid, contained i»i3 oz* 
m» of common air, I expofed colourlefs fpirit of nitre %q heat 
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till it became of a deep orange colour i and when it was opened 
under water^ tlierecame out of it 2 .83 02;. m* of air exceedingly 
turbid, of the flandard of 0.66 f with two equal quantities of 
nitrous air, when that of the common air^ with one equal 
quantity of nitrous air, was i,o7. Computing in the manner 
above mentioned, there was in the tube before the procefs 
0.7477 oz. m. of phlogifticated air, and after the procefs 
0J792 oz, m» But the dephlogifiicated air^ amounting to 
1.7 o'Z* m. being of the ftandard of 0.66, will be found td 
contain 0,374 oz. m. of phlogifticated air, which being de* 
dufted from 0J792, there will remain only 0.5052 oz* m* 
%vhich is coniiderably lefs than 0.7477 oe. m. 

That the nitrous acid can become coloured, without imbibing 
any thing from phlogifticated air, is evident not only from its 
becoming fo when heated in vacm^ as defcribed above, but 
alfo, when it was in contaft with any other kind of air, as free 
from phlogifticated air as I could make it. But from the man- 
ner in which thefe experiments were neceffarily made, it wai 
impoffible intlrely to exclude phlogifticated air, either as part 
of the atmofpherlc air, or as contained In the impurities of the 
air that I made ufe of j for I firft filled the tube with fpirit of 
nitre, then plunging the orifice of it in a veffel of the fame, I 
introduced a quantity of the air which I wiftied to expofe to it* 
After this, putting my finger upon the orifice, I turned it up- 
lide down, and applying to it the clofed end of a glafs tube, of 
about the fame diameter, I fealed it hermetically with a blow- 
pipe as expeditlotifly as I could* This is a neceflary imper- 
fe£l:ion in the experiment ; but I know not how to remedy it^ 
if any of the acid is to be left in the tube. However, the 
phlogifticated air introduced in this manner from the atmo- 
fphere imift hafe home a very fmall proportion to the air in 
'J the 
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the tube; and foms obje£llo!i will always remain to the ex|e- 
ilment from the impurity of the air made life o£ 

Having repeatedly ohierved, that the acid became coloured 
in canfeqnence of bei»)g expo fed to heat in con tad with any 
kind of air whatever, I expofed at the fame time, and in the 
fame circuinftaoces, three equal quantities of the fame colonr-i» 
lefs fpirit of nitre, in three nearly equal tubes, one containing 
dcphlogifticated, another phlogiflicated, and a third inflamma- 
ble air I that, if there fliould be any difference in the colouring 
of the acid in thefe cafes, it might be the more eafily per- 
ceived; But though 1 gave all the attention that I couldj I did' 
not perceive that there was Miy difference, except whatarofe 
from, fome of the tubes being placed a little nearer the fire 
riian the reft ; and,, by changing their places, the colour was 
at length the very fame in them all% 

As in thefe three cafes 1 examined the air before and'after 
the procefs, in the manner above mentioned, I fhalijuft recite 
the particulars. 

Of the dcphlogifticated air the tube contained before the pro-- 
cefs 1.46 02, m* of the ftandard of 0^67, and after the procefs- 
it contained 1.76 om-. m* of the ftandard of 0,77 ; a difference 
owing in part to the mixture of common air, which could note 
be exclu^led in the fealing of the tube, and in> part to. the air 
emitted from the acid not being pure. 

Gf the phlogifticated air,, the tube contained 1.3 ozi m». 
and after the procefs 1.95 o& m. of the ftandard of 1.3s* 

Of the inflammable air, the tube d)ntained before the pro* 
cefs 1.52 OE. m. and after the procefs 1.9 oz, m. of the ftan^ 
dard @f 1.8, They were all meafured by a mixture of two 
equal quantities of nitrous aifi 
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If thefe refults be examined as that of the lirft experiment^ 
with common ak, it will be found that, in all thefe proceflesjj 
there was lefs phlogifticated air, or inflammable air, after the 
proeefs than before ; and this refult being th\is uniform, I can« 
not help concluding, that this kind of air is in part decom- 
pofed, and purified by this means ; fo that by this emiffioa of 
dephlogiftlcated air which the heat expels from the acid, fome- 
thing, and probably phlogifton, is at the fame time imbibed 
from it; which proves that phlogifticated air is no fimple fub- 
ftance, but a compound, and that phlogifton is one conftituent 
part of it ; for this acid acquires the fame colour, and all the 
fame properties, by adding to it any thing that is fuppofed to 
contain phlogifton* 

As the fpirit of nitre can be rendered fmoking, or phloglfti- 
cated, by the mere expulfion of dephlogifticated air, it is evi- 
dent, that it contains two principles in clofe affinity with each 
other, and that nothing is neceffary to render either of them 
confpicuous befides the abfence of the other. 

It is alfo natural to fuppofe, that, for the fame reafon that the 
ilephkgijiicatingi^xmci^lt (as it may be called) is expelled, the 
phlog^^kaimg ^xlnciph ftiould enter; fo that the purification of 
the air in conta£t with the acid may be a neceffary confeq]aence 
of the expulfion of the pure air contained in it, the whole 
tending, as it were, to an equilibrium in this refpe^. It is 
therefore by no means difficult to conceive, that phlogifton 
fhould be extraded from the contiguous air at the fame time 
that the dephlogifticated air not pure (that is, containing a mix- 
ture of phlogifticated air) is driven out of it ; for the acid 
always containing phlogiftion, whatever air is contained in it, 
and expelled from it, may neceffarily contain phlogifton or phlo- 
gifticated air; but the purer air may be emitted, and the 

lefs 
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lefs pure air be imbibed, till the whole come to be of the fame 
quality. It may, however, perhaps follow from the emiffion 
of impure dephlogifticated air, and the imbibing of phlogifti- 
cated air at the fame time, that the former does not confift df 
dephlogifticated and phlogifticated air loofely mixed, but of fome 
intimate unioii of dephlogifticated air with phlogifton, though 
they may be feparated by a mixture of nitrous air, and other 
procefles, in. the very fame manner as dephlogifticated air may 
be feparated from a loofe mixture of phlogifticated air; 

It is evident from thefe experiments, that a red heat is not 
neceffary to the converfion of nitrous acid into pure air, though 
this procefs, as appeared by my former experiments, produces 
this efFe£t moft quickly and efFedtually. 

I cannot help confidering the experiments above recited to be 
favourable to the doftrine of the phlogifton, and unfavourable 
to that of the decompolition of water, though not decifiveiy 
fo ; for fince the red vapour of fpirit of nitre unqueftionably 
contains the fame principle that has been termed phlogifton, or 
the principal element in the conftitution of inflammable air, 
and according to the antiphlogiftians this is one conftituent part 
of water, they muft fuppofe, that the water in this acid is de- 
compofed by a much more moderate heat than in moft other 
cafes. In general, I believe, they have thought a red heat to 
be neceffary for this purpofe. It is evident, that the converfion 
of water into fteam by boiling, or by any heat that can be 
given to it under the ftrongeft prefiure, has no tendency what- 
ever tq decompofe it. But if the mere boiling of water in 
nitrous acid could produce this efFed, I do not fee why the fame 
Ihould not be the cafe when water alone is boiled. 

I think it will alfo be more difficult to explain the purifica- 
tion of the incumbent atmofpherical air on the antiphlogifac 
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than on the phlogiftic hypothefis, whateTcr be the conftittf* 
tion of phlogifticated air* 

As, 111 the experiments above mentioned, he^t without light 
gives colour to the nitrous acid, and the reflexion or refraction 
of light is always attended with heat, it may perhaps be heat 
univerfally that is the means of imparting this colour, though 
the mode of its operation be at prefent unknown. And in thefe 
experiments, as well as the former, it is tht vapour that firft 
receives the colour, and imparts it to the liquid when it i$ 
fufficiently cold to receive it. 

The ruihiiig out of a quantity of turbid white air from m 
tranfparent tube, quite cold, is a llriking phaenomenon iii thefe 
experiments* It may be worth while to examine of what it is 
that this remarkable cloudinefs of the air confifts. There is 
the fame appearance, as I have more than once obferved, m 
the rapid produdion of any kind of air, which is perfe£lly 
tranfparent as it paffes along the glafs tube, through whjch it is 

tranfmitted, till it comes into contaft with the water in which 
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it is lepeived* 

P, S* Not to multiply my eommunicatlons on the fubje£l; of 
phkgijion unneceilarily,^ I would beg leave to obferve, at the 
clofe of this article (in reply to what has been objected to my 
former experiments, as being liable to exception from the 
phlogiflicated air which cou^ld not be excluded from the de« 
phlogiilicated aii when it was decompofed by means o£ inflam- 
mable air) that I have found the procefs I made ufe of to have 
©o tendency whatever to decompofe phlogiflicated air. Indeed^ 
nothing that we have hitherto known concerning this kind of 
air could make it probable, that mere hmtf m contad with 

dephkgifticated or inflammable w% could ha?e this effect And 
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It Is of no confequence whatever to fay, that any particular 
fubflance, imagined to be decompofed, is prefent \i\ a procefs, 
unlefs it can be fliewn that, in that procefs, there are agents 
capable of decompofing it. If m^t^ heat (which is all that 
my procefs requires) would decompofe phlogiftlcated air, and 
fedlice it to nitrous acid, the tranfmiffion of common air 
(which conflfls of dephlogiflicated and phlogifticated air) 
through a red hot tube would have this efFe£l:, which it is well 
known not to have. 

But what I have aflerted above is a conclufion which I have 
drawn from comparing the decompofition of dephlogifiicated 
air by the two proceffes with nitrous and inflammable air. 
That nitrous air, when mixed with dephlogiftibated air, has 
no tendency to produce phlogifticated air, is evident from the 
almoft total evanefcence of both of them, when they are 
very pure^ and mixed in due proportions ; and that nitrous air 
has no efFe£t on phlogifticated air is well known. If then the 
firing of dephlogifticated and inflammable air had a tendency 
to decompofe any portion of phlogifticated air, which fhould 
happen to be mixed with them, lefs would remain after the 
firing of inflammable and impure dephlogifticated air than after 
mixing it with nitrous air^ for as the impurities of dephlo- 
gifticated air confift of phlogifticated air, thofe would difap- 
pear in a greater proportion in the former procefs than in the 
latter. But by many careful trials I find, that I can reduce 
any kind of dephlogifticated air no farther by a mixture of in** 
flammable air than I can by nitrous air. When the propor- 
tions are well managed, the diminution is as nearly aspoflibia 
the fame in both the cafes. 

I muft obferve, however, that it requires more nitrous air 
than inflammable air (from iron by fteam) to produce this efFe£k 
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in the proportion of about lo to 9 ; fo that nitrous air does not 
contain quite fo much phlogifton as an equal bulk of inflam-^ 
mable air, as I had before thought to be the cafe. 

Iti this Paper it will be obferved, that I make the diminu* 
tion of conamon air by nitrous air to be confiderably lefs than 
I have ufually done before. This has been the confequence of 
giving the two kinds of air a little agitation at the inftant of 
mixing, which will generally make the diminution lefs by 
two tenths of a meafure. But I have found, that when thefe 
mixtures of air, with and without agitation, have been kept 
fome time, they approach to an equality of bulk. 

At the fame time 1 have obferved, what f think not a little 
extraordinaiy, that agitation prevents the greateft diminution 
of dephlogifticated and nitrous ain I have found it to be 2.5 
without agitation, and 6. with it. 

The lefs diminution of the mixture of nitrous and common 
nt is probably owing to the prefence of fo much phlogiflicated 
air, which impedes the meeting of the nitrous air with the. 
dephlogifticated air in the mixture ; becaufe I find the fame to 
be the cafe when I mix the fame proportion of inflammable 
air with dephlogifticated air ; and when dephlogifticated air is 
agitated with nitrous air, the water may Impede their union, as 
the phlogifticated air did before. 

There is, therefore, no fource of the nitrous acid which I' 
find on the decompofition of dephlogifticated and , inflammable 
air, befides the union of thofe two kinds of air, which there- 
fore do not make mere water ^ as the antlphlogiftians fuppofca 
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